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breakdown. We hypothesize that greater frontal plane angles during
gait would associate with greater concentrations of biomarkers
reﬂecting aggrecan and type II collagen breakdown.
Methods: Twenty-one individuals at least six months following pre-
vious unilateral ACLr participated (57% Female, 22.0 ± 3.5 yr, 1.7 ± 0.1m,
71.9 ± 15.3kg, 47.8 ± 37.5 months post ACLr [mean ± standard devia-
tion]). A seven camera, 3-dimensional Vicon motion analysis system
was used to quantify frontal plane knee kinematics during the stance
phase of ﬁve walking gait trials; the consistency of inter-trial gait speed
was monitored with timing gates. Kinematic data were visually
inspected (The MotionMonitor Software) before being ﬁltered and
processed with in-house algorithms (LabVIEW). Frontal plane knee
angle was determined at initial heel strike (FrontalHS) of the stance
phase of gait. We also determined the peak frontal plane knee varus
angle during the ﬁrst 50% of stance phase (FrontalPEAK), as well as knee
varus displacement of the frontal plane knee angle from heel strike to
peak angle (FrontalDISP). Prior to gait assessment, resting blood was
drawn from each participant, and sera were stored in an -80C freezer
until later analysis. Sera were assessed with enzyme-linked immuno-
sorbent assays for aggrecan breakdown (Thermo Fisher Scientiﬁc Inc.)
and type II collagen breakdown (collagen type II cleavage product
[C2C]; IBEX Technologies, Inc.). Within assay coefﬁcients of variation
were < 10%. Serum concentrations of C2C and aggrecan were not nor-
mally distributed; therefore non-parametric Spearman rank order
correlations were used to analyze associations between frontal plane
gait kinematics and these biomarkers. An alpha level of 0.05 was used
for all analyses.
Results: FrontalHS and FrontalPEAK were signiﬁcantly, positively
associated with aggrecan breakdown (r¼0.46, P¼0.035; r¼0.44,
P¼0.045; respectively), while FrontalDISP did not signiﬁcantly correlate
with aggrecan breakdown (r¼0.06, P¼0.784). Additionally, FrontalHS
(r¼0.12, P¼0.606), FrontalPEAK (r¼0.16, P¼0.485), and FrontDISP (r¼-
0.23, P¼0.327) did not signiﬁcantly associate with type II collagen
breakdown.
Conclusions: Greater initial and peak frontal plane varus knee angle is
associated with greater serum concentration of aggrecan breakdown.
Greater serum aggrecan concentration is associated with altered
mechanical properties of articular cartilage, which may negatively
affect the ability of the articular cartilage to sustain cyclical loading
during gait. Contrary to our hypothesis, neither of the frontal plane
kinematic variables were associated with our biomarker of type II col-
lagen breakdown. Interestingly, FrontalHS, but not FrontalDISP were
associated with aggrecan breakdown, suggesting that the initial posi-
tion of the lower extremity at heel strike may inﬂuence aggrecan
turnover more than the amount of frontal plane movement into varus
during gait. These results may indicate that measuring aggrecan, rather
thanmarkers of collagen, will be helpful in future studies that assess the
short- and long-term beneﬁts of interventions that improve gait kine-
matics among people with a recent ACLr.
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HIGHER INTENSITY PHYSICAL ACTIVITY IS ASSOCIATED WITH GAIT
VARIABLES RELATED TO STRUCTURAL OA PROGRESSION
K.E. Costello, J.L. Astephen Wilson, C.L. Hubley-Kozey. Dalhousie Univ.,
Halifax, NS, Canada
Purpose: Individuals with osteoarthritis (OA) often do not meet phys-
ical activity guidelines, although physical activity has been shown to
improve pain and functioning in OA and thus been proposed as a con-
servative management strategy. These guidelines speciﬁcally recom-
mend higher intensity activity but emerging evidence suggests that
increased physical activity, regardless of intensity, may provide health
beneﬁts. In previous work, our group has linked structural OA pro-
gression to decreased knee ﬂexion moments (KFM), i.e. increased
extension moments, and increased internal rotation moments (KRM),
and linked progression to total knee arthroplasty (clinical progression)
to increased knee adduction moment (KAM), lack of mid-stance KAM
unloading, and KFM changes. The purpose of the present study was to
investigate relationships between objective physical activity measures
and these gait variables that have been linked to OA progression using
measures of 1) higher intensity physical activity only, and 2) total daily
physical activity regardless of intensity.
Methods: Three-dimensional (3D) motion and ground reaction force
data were recorded from 49 individuals with moderate medialcompartment knee OA (high function, non-surgical candidates) and 54
asymptomatic (ASYM) individuals during self-selected speed walking.
3D joint angles expressed in the joint coordinate system were calcu-
lated from motion capture data, and 3D net resultant joint moments
were calculated using inverse dynamics and amplitude normalized to
body mass. Each participant’s waveforms were scored (PCscores) for
shape and magnitude features extracted from the set of waveforms for
each angle and moment using principal component analysis. Following
laboratory data collection, participants wore an accelerometer (GT3Xþ,
ActiGraph, Pensacola, FL) on the anterior superior iliac spine of the
tested leg during waking hours for a seven-day period. Data were
averaged over at least 4 days with 10 or more hours of wear time.
Minutes in sedentary, light, moderate, and vigorous activity were cal-
culated based on National Cancer Institute criteria. From this data,
moderate-vigorous physical activity (MVPA) was deﬁned as the average
daily sum of minutes in moderate and vigorous physical activity, and
total activity was deﬁned as the average daily sum of minutes in light,
moderate, and vigorous activity. Pearson product moment correlations
were calculated (SPSS, IBM, Armonk, NY) between physical activity
(total activity or MVPA) and PCscores while controlling for age, BMI, and
gait speed (a¼0.05).
Results: MVPA and total activity were 39.1 ± 25.3 and 298.5 ± 71.6
minutes, respectively, in the ASYM group and 21.8 ± 15.1 and 301.4 ±
83.6 minutes, respectively, in the OA group. In both ASYM and OA, total
physical activity was not signiﬁcantly correlated with moments related
to OA progression or knee angles. In contrast, lower MVPA was asso-
ciated with a smaller difference between early and mid-stance knee
ﬂexion angle (KFA) (r¼-0.30, p¼0.048) in the ASYM group. MVPA was
also correlated with KFM magnitude during stance (r¼0.34, p¼0.025),
which has been linked to both structural and clinical progression, and
KRM magnitude during stance (r¼-0.34, p¼0.026), which has been
linked to structural OA progression. In the OA group, lower MVPA was
associated with a smaller difference in rotation angle (KRA) between
late stance and swing (r¼-0.31, p¼0.038). Lower MVPA was also asso-
ciated with a lack of KAM unloading in mid-stance (r¼0.35, p¼0.019),
which has been linked with clinical progression and a smaller KRM
during stance (r¼0.37, p¼0.013), which again has been linked to
structural progression.
Conclusions: Lower levels of MVPA were associated with “stiff gait”
features in both groups. The ASYM group exhibited lower KFA range of
motion and the OA group exhibited lower KRA range of motion. In both
groups lowerMVPAwas associatedwith variables that have been linked
to OA progression: in ASYM, greater KRM (structural progression) and
lower KFM (structural and clinical progression) and in OA, lack of mid-
stance KAM unloading (clinical progression) and lower KFM (structural
and clinical progression). While causation cannot be inferred between
activity levels and OA progression based on these data, they suggest a
relationship between higher intensity physical activity and gait bio-
mechanics. Understanding the relationships between these variables
may help inform why there are OA-related physical activity limitations
or, conversely, how physical activity can be incorporated as a con-
servative OA management strategy.
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CLINICAL EVALUATION AND QUANTITATIVE ANALYSIS OF KNEE
VARUS THRUST: A RELIABILITY AND VALIDITY STUDY
K. Duursma, M. McKay, M. Simic. The Univ. of Sydney, Lidcombe,
Australia
Purpose: Identiﬁed by clinical observation, a varus thrust is deﬁned as a
dynamic bowing-out of the knee in the lateral direction during the
weight bearing phase of gait and accompanied by return to a less varus
alignment during the swing phase of gait. A varus thrust may further
increase medial knee load of the knee joint and therefore be of detri-
ment to people with medial knee osteoarthritis (OA). Varus thrust has
been identiﬁed in 17-31% of individuals with knee OA and has been
associated with a 4-fold increased likelihood of radiographic disease
progression. As varus thrust has recently gained attention, little is
known about inter-rater reliability of this clinically-observed test and
the ability to quantify this risk factor using clinically available video
technology. The aim of this study was to assess the intra-rater and inter-
rater reliability of the clinical test to identify the presence of knee varus
or valgus thrust. We also aimed to evaluate if varus or valgus thrust can
be quantiﬁed using two-dimensional video analysis in older healthy
adults.
